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Abstract 
Antimony-doped tin hydroxide colloid precipitates have been synthesized by hydrolysis of SnCl4 and SbCl3 using: (1) an 
ion-exchange hydrolysis to remove chlorine ions, and (2) isoamyl acetate as an azeotropic solvent to obviate water. The obtained dried 
powder is of high dispersivity without any need for further grinding. The size and dispersivity of the final particles are investigated with 
the aid of TG-DTA, BET, XRD and TEM. After having calcined, the antimony-doped tin oxide nanopowder possesses a tetragonal rutile 
structure with high dispersivity, uniform particles and low hard agglomeration. 
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1 Introduction* 
Nano-crystalline antimony-doped tin oxide 
(ATO) possesses unique optical properties, chemical 
and mechanical stability, high conductivity and abil-
ity of evolving oxygen in water[1]. Most of these 
characteristic features benefit from the uniform 
doping of antimony and the nano-metric dimension 
of antimony-doped tin oxide crystals. The solution 
chemistry method such as hydrolysis of SnCl4 and 
SbCl3 is an important process to synthesize precur-
sors of many nano-scale metal oxides. However, the 
process is meeting with a couple thorny problems. 
Of them the first is the difficulty to remove chlorine 
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ions formed during hydrolysis and subsequently 
absorbed by tin hydroxides because the residual 
chlorine ions are able to induce co-evaporation of 
both antimony and tin compounds, affecting the sur- 
face and electrical properties of the final products 
by resulting in a random n-type doping in the mate-
rial, which causes agglomeration of particles and the 
need for higher temperature to sinter. Therefore, it is 
imperative to prepare Sb-doped SnO2 nano-particles 
free of chlorine ions[2]. Another problem arises from 
the dehydration process. When a solution containing 
precipitate colloids is directly evaporated, the col-
loid particles are likely to aggregate forming brown 
rigid gel pieces. More and more researchers in this 
field become aware of the detrimental effects of the 
absorbed water on the dispersivity of powder and 
the importance of adopting drying methods to 
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eliminate it[3]. So far, a lot of drying methods, such 
as supercritical drying[4,5], freeze drying[6,7], micro-
wave drying[8] and azeotropic distillation[9,10], have 
been developed to obviate the water adsorbed on the 
surface of colloid particles in order to avoid or re-
duce aggregation caused by shrinkage of water 
films between precipitated particles. The water film 
forms as a result of absorption of water on the sur-
face when colloid particles come in contact with 
each other at the drying stage. Supercritical, freeze, 
and microwave drying methods reduce hard 
agglomerates by obviating or diminishing the 
surface tension of the water films between colloids. 
In contrast, azeotropic distillation does away with 
surface-adsorbed water when colloids disperse in 
azeotropic solvent, preventing the formation of wa-
ter films between colloids and aggregation of parti-
cles. 
This paper introduces a successful attempt to 
prepare antimony-doped tin oxide nano-powder 
with high dispersivity. The two problems mentioned 
above are overcome by means of: (1) an ion-ex-
change hydrolysis to remove chlorine ions, and (2) 
isoamyl acetate as the azeotropic solvent to obviate 
water. The obtained dried powder has high disper-
sivity without any need for further grinding. The 
size and dispersivity of the final particles are inves-
tigated with the aid of TG-DTA, BET, XRD and 
TEM. 
2 Experimental Procedure 
Fig.1 shows the glass apparatus for preparation 
of antimony-doped tin hydroxide through hydrolysis 
of SnCl4 and SbCl3. An ethanol solution containing 
SnCl4·5H2O (17.0%, w/v) and SbCl3 (0.665%, w/v) 
was added in drops during simultaneous agitation 
into a flask containing anion-exchange resin 
(DOWEX Monosphere 550A UPW(OH)) and abso-
lute alcohol, at the same time, NH3 gas was admit-
ted into the reaction solution to catalyze the hy-
drolysis, maintaining the pH value of the solution 
being 2. After addition, the solution containing 
white suspended precipitates was separated from 
resin through a glass-sand funnel and again reacted 
with 50 mL fresh anion-exchange resin in a shaker 
to continue removing chlorine and promote further 
hydrolysis. The ion exchange process repeated 5 or 
6 times until the upper solution became lightly tur-
bid. 
 
Fig.1  The glass apparatus for preparation of antimony-    
doped tin hydroxide by hydrolysis of SnCl4 and 
SbCl3. 
The final chlorine-free colloid solution was re-
fluxed in a water-bath for 2 h and left perfectly still 
for 4 h making it separate into two parts: the upper 
being a kind of clear solution and the lower dense 
precipitates. Organic solvent isoamyl acetate was 
then added into the lower dense precipitate slurry[11]. 
After shaken on the shaker for 2 h, the mixture of 
precipitates and organic solvent was distilled to re-
move the solvent leaving behind the hydrolysis 
products as a sort of fine light-yellow powder. The 
dried powder was then loaded in an oven to con-
tinue drying at 100-110 ℃ for 4-8 h. This process 
ended up in completely dry and loose fluff-like pre- 
cursor powder without any need for further grinding. 
After calcined in a muffle at different temperatures 
each for 2.5 h, the precursor powder had a color 
having changed from light yellow to light blue. 
The TG-DTA of antimony-doped tin oxide 
precursor was carried out on a STA449C thermo- 
analyzer (NETZSCH, Germany) by heating the 
samples at a temperature ranging from 20  to℃     
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1 000  in an Al℃ 2O3 crucible at the rate of 10 /℃  
min in the air. The analysis of specific surface area 
of the dried powder was accomplished on a specific 
surface area analyzer, ASAP 2020 (Micromeritics, 
USA). The BET nitrogen surface area, SBET, was 
obtained by applying the BET (Brunauer, Emmett, 
and Teller) equation to a relative pressure range of 
0-1.0 on the adsorption isotherm. The crystalline 
form and size were determined with the transmis-
sion electron microscope (TEM), JEM-2010 (HT) 
(JEOL, Japan) and the D8 Advance X-ray diffrac-
tometer (XRD) (Bruker, Germany). The patterns of 
samples were scanned at intervals of 0.02 (2θ) in the 
2θ range from 15º to 75º at a fixed scanning rate of 
4º/min. The average crystal size of the powder is 
calculated from diffraction peak full width at half 
maximum (FWHM), using the Scherrer equation. 
3 Results and Discussion 
3.1 Preparation of antimony-doped tin       
hydroxide precursor  
A highly schematic mechanism of hydroly-
sis-condensation reactions for SnCl4·5H2O and 
SbCl3 is shown below. The precursor of antimony- 
doped tin oxide was prepared at pH=2[12, 13]: 
SnCl4 + nH2O Sn(OH)n↓Cl4–n+nHCl 
(n=1, 2, 3, 4)                          (1) 
SbCl3 + mH2OSb(OH)m↓Cl3–m + mHCl 
(m=1, 2, 3)                           (2) 
Since the affinity of the anion-exchange resin 
for Cl– is about 25 times stronger than that for 
OH–[14], Cl– will be quickly replaced by OH– in resin 
for the subsequent hydrolysis. This process gains 
advantages to remove chlorine ions from the reac-
tion mixture thus speeding up the hydrolysis with a 
result of shortening the time to form Sn (IV) and Sb 
(III) hydroxides. 
3NHResin-OH Cl Resin-Cl OH− − − −+ ⎯⎯⎯→ +     (3) 
In the ion-exchange process, the colloidal pre-
cipitates gradually become light yellow indicative of 
the multi-molecular condensation process. This 
might well be explained by the fact that Sb doping 
into the condensates of tin hydroxide causes the 
enhanced condensation, imparting a yellow tint to 
the colloidal precipitates, as is evidenced by the 
increase of the relative viscosity ηr from an initial 
value of 1.75 to the highest value of 4.7 when the 
chlorine concentration decreases from 0.6 to    
0.02 mol/L. Fig.2 shows the variation of solution 
relative viscosity (ηr) with the concentration of Cl– 
in hydrolysis. 
 
Fig.2  Variation of solution relative viscosity with the con-
centration of Cl– in hydrolysis. 
3.2 Analysis and characterization of powder 
Thermal analysis of the precursor powder was 
performed after the drying process at 100  ℃ for 2 h. 
Fig.3 shows the TG-DTA curves of antimony-doped 
tin oxide precursor powder. Although no obvious 
weight change could be seen on the DTA curve, the 
TG curve falls sharply below 80 , ℃ which is attrib-
utable to the evaporation of water physically ad-
sorbed on the particle surface out of the air. With the 
temperature increasing, the TG curve reveals a sig-
nificant weight loss, and the corresponding DTA 
curve has a distinct exothermic peak at 341 ,℃  
which might be ascribed to the decomposition of 
 
Fig.3  TG-DTA curves of the precursor powders. 
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organic residues and the formation of Sb-doped tin 
nano-crystalline oxides, transforming hydroxides 
into oxides. Above 680 ℃, the DTA curve slowly 
decreases without any peaks. The TG curve exhibits 
a little bit weight increase at 680 ℃ probably due to 
the reaction Sb2O3+O2= Sb2O5. Higher temperature 
tolerance of antimony-doped tin oxide attests to its 
good thermo-stability. 
Fig.4 shows the XRD patterns of the precursor 
(100 ℃) and the powder calcined for 2.5 h at    
550, 650, 750 and 850 ℃, respectively. In all these 
cases, the peak positions agree well with the reflec-
tions of tetragonal rutile structure of pure SnO2 
(JCPDS card No.88-2348) and the diffraction peaks 
arise from (110), (101), (200), (211), (220) of SnO2 
without any other phases detected, indicating that 
all antimony ions are embedded into the crystal lat-
tice of rutile SnO2[15]. The precursor powder shows 
no apparent crystalline peaks, which means that 
major portion of the precursor is amorphous. 
 
Fig.4  XRD patterns of precursor powder and antimony- 
doped tin oxide nanopowder at different calcination 
temperatures. 
As the calcination temperature increases, the 
diffraction peaks become sharper and the nano- 
crystalline size increases. Table 1 shows the crystal-
lite sizes determined by the Scherrer equation: 
D(hkl) = kλ/βcosθ             (4) 
where D(hkl) is a correlation length or a individual 
crystallite size, nm; (hkl) Miller indices of  planes 
perpendicular to the direction related to the crystal 
size; λ = 0.154 056 nm the mean wavelength of 
copper radiation source; β the full width half maxi-
mum (FWHM) of Bragg peak observed at Bragg 
angle θ (in radian); and K a constant depending on 
diffraction technique (here K=0.89). It is obvious 
that the crystallite size increases as the calcination 
temperature increases. 
Table 1  Crystallite size calculated from the Scherrer 
equation 
Unit: nm  
Peak 550 ℃ 650 ℃ 750 ℃ 850 ℃ 
110 6.4 6.6 8.8 9.2 
101 6.6 7.6 9.1 10.4 
211 6.8 7.9 10.8 11.3 
BET specific surface area (SBET), particle sizes 
(dXRD and DBET) of the dried precursor powder and 
antimony-doped tin oxide nano-powder after calci-
nation at different temperatures are listed in Table 2. 
Generally, the value of dXRD reflects the original 
crystallite size, and that of DBET the average size of 
the particles within hard agglomerates, and the re-
sult of DBET3/ dXRD3 the mean agglomeration degree 
of the particles[16]. The average grain size is calcu-
lated from the equation DBET＝6/(ρ·SBET), where 
DBET is the average diameter of spherical particles, 
SBET the surface area of the powder and ρ the theo-
retical density of SnO2. dXRD is deduced from the 
half-height line broadening of [110] crystal face by 
the Scherrer equation. Table 2 illustrates the differ-
ences between the crystallite sizes determined by 
XRD and BET techniques. From it, could be seen an 
existence of very low hard agglomeration of anti-
mony-doped tin oxide powder produced by isoamyl 
acetate azeotropic distillation. When the calcination 
temperature increases from 550 to 850 ℃, the de-
gree of hard agglomeration increases indicating 
condensation and dehydration of the surface hy-
droxyl groups. 
Table  2 Characterization of antimony-doped tin oxide 
nano-powder calcined at different temperatures 
Temper- 
ature/℃ SBET/ (m
2·g-1) DBET/nm dXRD/nm D3/d3 
100 286.430 0 3.018 3.3 0.765 
550 82.664 7 10.459 6.4 4.364 
650 74.459 5 11.611 6.6 5.447 
750 55.303 4 15.633 8.8 5.606 
850 45.795 7 18.878 9.2 8.640 
Fig.5 shows the TEM micrographs of precursor 
powder (a) and the antimony-doped tin oxide nano- 
powder calcined at 550  (b), at 650℃  ℃ (c), and at 
750 ℃ (d) for 2.5 h in the air, respectively. It can be 
observed from Fig.5 that the dried precursor powder 
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is possessive of low agglomeration, high dispersiv-
ity, and uniform crystalline grains. Moreover, de-
spite weak or even no crystalline appearance the 
precursor has, with the calcination temperature up, 
the crystallite size increases. The morphology of 
nano-crystalline antimony-doped tin oxide particles 
exhibits irregular axiolite and high dispersivity. 
Moreover, the crystalline shape becomes perfect. 
The crystallite size measured by TEM is in good 
accord with that examined by XRD. All the particles 
in these micrographs display high dispersivity and 
uniform granularity, which, to be sure, benefits from 
the removal of chlorine ions and water. 
 
Fig.5  TEM micrographs of precursor powder (a) 100  ℃
and antimony-doped tin oxide nano-powder calcined 
at 550  (b), ℃ 650  (c) and ℃ 750  (d) for 2.5℃  h. 
4 Conclusions 
Based on the results from the BET, XRD, and 
TEM measurements, the precursor powder with 
high dispersivity and very low hard agglomeration 
have been obtained by use of: (1) an ion-exchange 
hydrolysis to eliminate chlorine ions, and (2) isoa-
myl acetate as the azeotropic solvent to remove wa-
ter. The BET surface area of the dried precursor 
powder is 286.430 0 m2/g without any need for fur-
ther grinding. With the calcined precursor powder, 
the antimony-doped tin oxide nano-powder exhibits 
a high specific surface area. XRD patterns present 
peaks typical of the tetragonal rutile structure of 
SnO2 without Sb phase peaks. The crystallite size 
increases with the calcination temperature increas-
ing. TEM micrographs show a very low agglomera-
tion and uniform granularity. This method might 
hold a brilliant future in paving the way for synthe-
sizing tin oxide-based nano-powder from metal 
chlorides.  
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